ABSTRACT Inhaling habits were studied in 1316 men who freely smoked their usual brands of cigarette. An index of inhaling was calculated for each person by dividing the estimated increase in carboxyhaemoglobin level from a standard number of cigarettes by the carbon monoxide yield of the cigarette smoked. Smokers of ventilated filter cigarettes inhaled 82% more than smokers of plain cigarettes (p<O0OOl) and those who smoked unventilated filter cigarettes inhaled 36% more (p>QOOOl). Cigarette consumption was similar among smokers of each type of cigarette. Assuming that the intake of tar and nicotine is proportional to the inhaling index, the intake in either group of filter cigarette smokers would have been less than that in plain cigarette smokers. Among smokers of unventilated cigarettes, however, the intake would not have been much less.
than smokers of plain cigarettes (p<O0OOl) and those who smoked unventilated filter cigarettes inhaled 36% more (p>QOOOl). Cigarette consumption was similar among smokers of each type of cigarette. Assuming that the intake of tar and nicotine is proportional to the inhaling index, the intake in either group of filter cigarette smokers would have been less than that in plain cigarette smokers. Among smokers of unventilated cigarettes, however, the intake would not have been much less.
Filter cigarettes, especially those with ventilated filters (which have perforations in the filter through which air can enter and reduce the concentration of the cigarette smoke), deliver less tar and nicotine than plain cigarettes. They are considered less harmful to health, particularly as far as the risk of lung cancer is concerned. However, since filter cigarettes are less "strong" than plain ones, people smoking them may inhale to a greater extent or smoke more of them. A previous study' suggested that smokers of ventilated filter cigarettes did inhale to a greater extent than other cigarette smokers, but this was not quantified and the study drew no firm conclusions regarding the inhaling habits of smokers of unventilated filter cigarettes, the type most commonly smoked. We aimed to examine inhaling in more detail in the present study, and for simplicity used the term inhaling in a broad sense to refer to the intake of tobacco smoke from a cigarette including contributions from the number of puffs, puff volume, and the depth to which smoke is inspired into the lungs.
Methods
The study population consisted of men aged 35 to 64 years (mean 47 yr) who attended the BUPA 
Results
The table shows that the mean number of cigarettes usually smoked each day was similar for smokers of plain, ventilated filter, and unventilated filter cigarettes. The mean COHb levels were, however, significantly different, and these differences persisted after the COHb levels were indirectly standardised for the number of cigarettes smoked before the test to take account of any differences between smokers of the three types of cigarette, using all the smokers as the standard population. For smokers of ventilated and unventilated filter cigarettes the standardised COHb levels were, respectively, 23% and 35% higher than that for smokers of plain cigarettes (p<0001). The figure shows the estimated actual intake of tar and nicotine per cigarette for the filter cigarette smokers relative to plain, taking into account the differences in inhaling. If the filter cigarettes were inhaled to the same extent as the plain ones, the expected relative intake of tar or nicotine (shown in the figure by the dotted lines) would simply be the ratio of the tar or nicotine yields. The actual relative intake was estimated by multiplying the expected intake by the standardised inhaling index expressed as a percentage of that for plain cigarette smokers. For The results of this study are likely to be generally applicable for two reasons. Firstly, they relate to men who smoked their usual brands of cigarette as they wished without being aware of the investigation until they attended the Medical Centre. Secondly, the men who had changed from plain to filter cigarettes had done so many years before, 98% having switched at least two years previously. One other long-term study yielded qualitatively similar results to our own6 and one did not, though in the latter the change in tar yield was not great.7 Most other studies, usually laboratory-based, have been mainly concerned with the short-term effects of switching from high-tar to low-tar cigarettes or vice versa. In general, it was concluded that switching altered inhaling habits,8"13 though where the change in tar yield was not great, no material alteration in inhaling habits was again noted.14 In our own study the type of cigarette was the principal determinant of smoking behaviour, while switching itself was less important; smokers who had switched from plain to ventilated filter and unventilated filter cigarettes inhaled 2% and 6% more, respectively, than those who had always smoked filter cigarettes, and these differences were not statistically significant. Switching from plain to filter cigarettes was also not associated with any material change in daily cigarette consumption.
The estimation of the actual intake of tar and nicotine shown in the figure rests on two assumptions. The first is that the COHb inhaling index is directly proportional to the extent of intake of CO from tobacco smoke. This is likely to be approximately correct since the alveolar concentration of CO is likely to be proportional to the extent of inhaling, and we have confirmed that the relationship between end-tidal CO concentration and COHb appears approximately linear. Secondly, it assumes that the proportions of the different constituents of tobacco smoke inhaled remain constant, so that, for example, one smoker whose inhaling index is twice that of another smoking the same brand of cigarette inhales, on average, twice as much tar as the other smoker, and this is likely to be approximately true. It does not, however, necessarily follow that the deposition of tar on the bronchial mucosa is also double. If it is less, this might explain why the risk of lung cancer associated with smoking filter cigarettes is less than our data would suggest.
There are data to support our assumption that nicotine delivery to the lungs is approximately proportional to the CO intake. For example, it has been shown that COHb levels are closely associated with plasma nicotine levels in subjects who smoked cigarettes using different dilution filters.14 Tar delivery is also likely to be related to CO intake since nicotine and tar are both in the par-
L-ticulate phase of cigarette smoke and are, therefore, likely to be delivered to the lungs in a similar way.
COHb levels in smokers can be affected by several factors other than those considered in our analysis, such as the time of day when blood for the COHb test was taken, and these might have led to bias if associated with the type of cigarette smoked. We examined these factors as in previous studies,' 2 and again concluded that our results were not influenced by any such bias.
Our data provide no indication of which constituent of tobacco smoke may have influenced the extent of inhaling. Although inhaling was considered in relation to the tar and nicotine yield of the cigarettes smoked neither need be responsible for the differences in inhaling which were observed.
on men smoking two types of cigarette (A and B) were tested for statistical significance within 16 strata defined by the number of cigarettes smoked before the test. (Nobody in the study had smoked more than 16 cigarettes before the test.)
The underlying idea is to compare like with like, and to avoid comparing, for example, people who have smoked only five cigarettes with people who have already smoked 10 before the test. In a particular stratum i:
Let Ni be the total number of men smoking i cigarettes before the test, and let ni be the number smoking type A 
